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Abstract: Off mainland Portugal, the common dolphin (Delphinus delphis) is the most sighted cetacean,
although information on this species is limited. The Atlantic coast of Southern Portugal is characterized
by an intense wind-driven upwelling, creating ideal conditions for common dolphins. Using data
collected aboard whale-watching boats (1929 sightings and 4548 h effort during 2010–2014), this study
aims to understand the relationships between abundance rates (AR) of dolphins of different age classes
(adults, juveniles, calves and newborns) and oceanographic [chlorophyll a (Chl-a) and sea surface
temperature (SST)] variables. Over 70% of the groups contained immature animals. The AR of adults
was negatively related with Chl-a, but not related to SST values. The AR of juveniles was positively
related with SST. For calves and newborns, although the relationship between SST and AR is similar to
that observed for juveniles, the effect could not be distinguished from zero. There was no relationship
between Chl-a levels and the AR of juveniles, calves and newborns. These results corroborate previous
findings that common dolphins tend to occur in highly productive areas demonstrating linkages
between their abundance and oceanographic variables, and that this region may be a potential
nursery ground.
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1. Introduction
The abundance and distribution of cetaceans is influenced by a series of oceanic and environmental
variables [1,2]. Several studies worldwide have demonstrated these relationships, and have shown that
cetacean movements vary within and between species [2] and are influenced by numerous variables,
including sea-surface temperature [3,4], salinity [3], depth [5], seabed gradient [6], thermocline [7],
oxygen minimum layer [8] and prey availability [9]. As top predators, cetacean distribution is
closely related to the distribution of their prey [10–12], which in turn can be affected by upwelling
systems [13–15] and SST [1]. Thus, in order to understand the factors driving cetacean distribution,
insight into these environmental variables is needed.
The Iberian Peninsula constitutes an excellent scenario for conducting ecological niche studies
of small cetaceans, because it constitutes a transition area between two distinct environments
(i.e., the Mediterranean Sea and the North Atlantic Ocean), and thus exhibits a high level of habitat
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complexity [16,17]. The coastal region off southwest Iberia is part of the North Atlantic eastern boundary,
which encompasses the northern branch of the Canary/Iberian Eastern Boundary Upwelling System
(EBUS)—one of the world’s foremost productive marine ecosystems [18] and the western part of the
northern margin of the Gulf of Cadiz [19,20] (Cape St. Vicente point—Sagres, see Figure 1). This region
is characterized by an intense wind-driven upwelling season spanning from March to October, and by an
upwelling center in the area of Cape St. Vicente [21]. These features restrict sardines (Sardina pilchardus), one
of the main prey species of small cetaceans (e.g., common dolphins) off Portugal [22,23], to coastal waters.
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The south coast of the Iberian Peni sula has be n t t r t f any studies that hav rev aled a
rich cetacean biodiversity [24–26]. However, knowledge concerning the distribution and abundance of
cetaceans off the Atlantic coast of the Iberian Peninsula remains scarce and often limited to specific
areas [17,24,25,27]. In particular, few studies have examined cetacean occurrence in the waters off
southern Portugal [17]. The common dolphin (Delphinus delphis) is the most abundant cetacean
species in this area [17], although very little is known regarding their biology and ecology, including
their abundance and distribution. Further, there is limited information regarding the effect of the
aforementioned environmental vari bles on common dolphin distri tio [17]. Common dolphins
occur i most coasts of the world, and mainly in the continental shelf but can be found in all depth
ranges [28–31]. T e comm n dolphin is describe as a highly gregarious species, forming groups of
up to several hundreds or even thousands of individuals, although presenting a basic social unit of
between 20 to 30 individuals per group [32]. Generally regarded as an opportunistic feeder [10,33],
this species is considered a preferential ichtyophageous in the South of Portugal [34], in the Bay of
Biscay [35,36] and in the Mediterranean [37].
The apparent lack of studies on cetaceans off southern Portugal could be related to the logistical
constraints of performing dedicated cetacean surveys. Such surveys are demanding in terms of the
financial resourc s, time, and personnel required, and t us researchers ofte utilize alternative study
approach s, such as the use of platforms of opportunity (e.g., hale-watchi g vess l [31,38]). Al hough
there are inherent limitations to this approach (e.g., the p tential interaction between the vessel and
cetaceans, and the influence of sea state and wind direction on the sighting ability, distribution and
behaviour of the animals [38]), platforms of opportunity can yield valuable information regarding
cetacean ecology that would otherwise be unobtainable.
To better understand the role of environmental variables on the ecology of common dolphins off
southern Portugal, systematic data on their distribution together with oceanographic data must be
collected [2]. Therefore, the main goal of this study was to model the abundance of common dolphins
in the southern waters of Portugal in relation to oceanographic variables, specifically chlorophyll a
(Chl-a) and SST, using data collected aboard platforms of opportunity. Ultimately, this study contributes
Oceans 2020, 1 167
to a better understanding of patterns in the occurrence and habitat use of common dolphins off the
Portuguese southern coast.
2. Material and Methods
For the purpose of this study, data collection took place over the span of five years (between April
2010 and November 2014) aboard 11 whale-watching boats from a total of seven companies, which
have the common dolphin as one of its target species. Observations occurred along the south coast
of Portugal, between the areas of Cape St. Vicente and Olhão (Figure 1) where random transects were
conducted, at a maximum distance of 25 nautical miles from shore (the boats used were not allowed to go
further offshore due to permits and boat class), and occurred between April and November of each year.
All whale-watching trips occurred between 9 a.m. and 5 p.m., lasting for 90 min each. The number
of trips per day varied according to the availability of tourists, the sea state, meteorological conditions
and when such conditions were deemed by the whale watching companies as being safe to conduct
the activity. During whale-watching trips, two trained observers continuously searched for common
dolphins in the region 180◦ ahead of the vessel. For each common dolphin sighting, GPS position, date
and time, bathymetry, group size and composition were recorded. The length of the whale-watching
boats was between 7 and 10 m, and bathymetry kept between 30 and 250 m. A group was defined
as any pod of dolphins observed in apparent association and moving in the same direction, usually
engaged in similar activities [39]. Groups were documented if present at a distance of 300 m to 30 m
from the boat. Group composition was described according to the number of adults: individuals
between 180 and 220 cm in length, apparently fully grown and physically mature; juveniles: immature
animals not yet fully grown, but larger than calves; calves: animals ≤ 12 the length of an adult, travelling
alongside an adult; and newborns: animals with the same size or less than calves, exhibiting foetal
folds and travelling alongside an adult [40]. Immature animals were defined as all individuals that did
not appear fully grown (ca < 180 cm).
Sampling effort was measured as the number of hours spent searching for dolphins. Abundance
rate (AR) was calculated as the monthly rate of the number of individual common dolphins to the
hours of sampling (effort). Only sightings observed from 0 to 4 according to the Beaufort Scale were
considered. Sightings observed above Beaufort 4 were discarded.
Concerning the oceanographic variables, L3 satellite-derived monthly night time sea surface
temperature (SST) and Chl-a data were acquired from Moderate-resolution Imaging Spectroradiometer
(Aqua-MODIS; http://oceancolor.gsfc.nasa.gov/), with a spatial resolution of approximately 4 km.
The monthly average of each variable was calculated for the area covered by the surveys (Lat: 36.5–37.5,
Lon: −10, −7 decimal degrees), before being used in the models.
Sighting data were analyzed according to specific age classes (adult, juvenile, calf and newborn).
For each age class, generalized additive models (GAMs) with a lognormal distribution were used
to estimate relationships between the AR and environmental variables (SST and Chl-a). GAMs are
semi-parametric extensions of generalized linear models (GLMs) with the ability to deal with non-linear
relationships between response and explanatory variables [41]. As non-linear relationships were
expected a priori, GAMs were preferred over GLMs. Year was included as a random effect to account
for temporal variance that cannot be explained by the environmental variables.
For all variables, a thin plate regression spline was used. Model selection was done automatically
by including an additional penalty for each smooth, so that if smoothing parameters for a term tend to
infinity, the term will be selected out of the model [42]. Statistical analysis was performed using the
‘’mgcv” [41] package in ‘’R” (version 3.6.1, R Development Core Team).
3. Results
Sampling effort totalled 4548 h (Table 1), and a total of 1929 common dolphin groups were sighted.
Groups composed only of adults corresponded to 27.52%, while the rest of the sighted groups contained
adults and immature animals (72.48%). Calves and/or newborns were present in 42.5% of the sightings.
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On average, group size was 31 ± 51.6 individuals (ranging from 1 to 1000 individuals), with groups
consisting, on average, of 4.9 ± 8.55% juveniles, 3.0 ± 6.15% calves, and 0.8 ± 3.03% newborns. All age
classes were observed in every year sampled, and overall the abundance rates did not differ between
years (F = 0.51, p = 0.728; Figure 2).
There was variation in oceanographic variables according to month and year (see Supplementary
Figure S1). SST tends to increase during the spring and summer months, reaching higher values
towards the end of the summer (months of August and September) depending on the year, while Chl-a
tends to decrease. For adults, the effect of Chl-a was significantly different from zero (which indicates
no effect) (p value < 0.05), with a negative relationship between abundance rate and Chl-a observed.
There was no effect of SST on the abundance rate of adults (Figure 3).Oceans 2020, 1, FOR PEER REVIEW 5 
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Table 1. Summary of the number of sightings and sampling hours (effort) per month (April to November),
during the sampling period of 2010–2014. Grey areas represent months with no sampling due to
unfavorable winter conditions.
April May June July August September October November Total
No. sightings 2010 0 0 29 145 164 72 27 0 437
Effort (hours) 2010 0 0 49.5 508.5 658.5 216 28.5 0 1461
No. sightings 2011 13 7 17 64 95 62 31 0 289
Effort (hours) 2011 21 18 28.5 102 174 76.5 43.5 0 463.5
No. sightings 2012 1 8 24 71 119 43 27 0 293
Effort (hours) 2012 13.5 99 78 195 250.5 72 49.5 0 757.5
No. sightings 2013 0 15 43 144 168 67 58 0 495
Effort (hours) 2013 9 19.5 117 280.5 271.5 130.5 42 0 870
No. sightings 2014 17 27 91 120 93 31 34 2 415
Effort (hours) 2014 28.5 70.5 147 192 276 156 121.5 4.5 996
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For juveniles, the effect of SST was significantly different from no effect (p value < 0.05), with a
positive relationship between abundance rate and SST observed. There was no effect of Chl-a on the
abundance rate of juveniles (Figure 3). Although similar trends between abundance rate of calves and
newborns and SST were observed (Figure 3), there was no evidence that the observed trends were
different from zero (no effect) with a p-value higher than 0.05 (Figure 3). There was no effect of Chl-a on
the abundance rate of calves and newborns (Figure 3).
4. Discussion
This study utilized whale watching boats as platforms of opportunity, providing support for
its effectiveness as a cetacean research technique. However, it is important to point out some of the
limitations that these platforms present when compared with dedicated scientific surveys, namely,
in this study, the unsystematic sampling effort that can lead to biased results [17].
Common dolphins are considered to be opportunistic feeders [10,33], thus it is reasonable to
expect that their abundance is related to Chl-a concentration, which is often used as a proxy for prey
abundance and distribution [24]. Previous studies conducted off the Portuguese coast considered
that chlorophyll concentration was one of the most important variables associated with this species’
distribution [17,43].
In our study, increasing values of Chl-a were related to lower AR of adults. It is likely that the
reduced ARs could be due to the succession from primary to secondary consumers (i.e., the change in
the local trophic web to larger predators, preying upon primary consumers) in response to the increase
in microalgae abundance [43]. As such, the presence of potential prey was likely still relatively reduced
when Chl-a values were higher.
Our results showed a positive relationship between the AR of juveniles and SST values and
suggest a similar relationship for calves and newborns. This is consistent with other common dolphin
studies, in which groups containing immature individuals (juvenile, calf or newborn) tend to be more
frequently associated with warmer waters [44].
The majority of the groups sighted in this study were composed of both adults and immature
individuals (this represented 72.48% of the total number of sightings), and the presence of calves and/or
newborns (accounting for 42.5%) was of particular relevance. This strongly suggests the importance of
this area as a potential nursery ground for common dolphins and is consistent with other studies [31].
Furthermore, several studies indicate that water temperature influences cetaceans births [45–47] and,
for example, in bottlenose dolphins (Tursiops truncatus) a peak of births usually coincides with a peak
in water temperature [45,47]. SST values for the Portuguese coast are highest during the period of
intense upwelling activity in southern Portugal (i.e., between March and October [48]). According to
Cañadas and Vázquez [49], SST plays a significant role in common dolphin distribution and density
and a strong change in SST may affect how this species distributes and their abundance, at least at a
local level.
As with previous studies [1,44,50], our results suggest that common dolphin abundance is linked to
not only ‘’extrinsic” factors (in this case chlorophyll concentration and SST) but also to ‘’intrinsic” factors
such as the presence of juveniles, calves and newborns. In order to improve our knowledge on common
dolphin ecology, it is essential to develop more studies to comprehend how these influences work.
5. Conclusions
Our study has shown that the South of Portugal is an important area for the common dolphin,
particularly as a potential nursery ground, and that the AR of this species are associated, to some extent,
with oceanographic variables such as SST and chlorophyll. Conservation strategies should consider
these relationships, especially with respect to changing conditions due to climate change. For example,
changes in upwelling and ocean current oscillation patterns could lead to decreased prey availability,
justifying the need for increased conservation and management action. While the common dolphin is
currently not considered to be endangered or threatened in Portugal (according to the International
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Union for Conservation of Nature [51]), it is important to use a proactive approach and manage this
species for “robustness” [52] in order to increase resiliency to future environmental or anthropogenic
changes. For effective conservation action, further research is needed to better understand the current
human uses of these coastal waters in which common dolphins occur.
Supplementary Materials: The following are available online at http://www.mdpi.com/2673-1924/1/3/12/s1.
Figure S1. Monthly variation of the environmental variables examined: Sea Surface Temperature (SST) and
Chlorophyll a (Chla). Grey X-axis breaks represent months with no sampling due to unfavourable winter conditions
and thus were excluded from analysis. Figure S2. Model validation plots of the four categories: Adults, Juveniles,
Calves and Newborns.
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